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- [57] | "ABSTRACT -

- A clock generating' circuit includes a switch control ) |
circuit controlling a C-MOS circuit including first and

second transistors having first and second conductivity
types, respectively. Also included in the clock generat-

ing circuit is a bootstrap capacitor having a first end
connected to the junction between the first and second
transistors. The switch circuit includes a third transis-
tor, having the first conductivity type, connected be- -

tween the gate of the first transistor and the junction

between the first and second transistors, and a fourth
transistor, having the second conductivity type, con-

‘nected between the gates of the first and second transis-
- tors. The gate of the second transistor is connected to
recelve an input clock signal and the gates of the third

and fourth transistors are connected together to receive

- a delayed clock signal produced by delaying the input

clock signal. The second end of the bootstrap capacitor
is connected to receive a further delayed and inverted
clock signal. When the delayed clock signal has a first

~value, the switching circuit connects the gates of the

first and second transistors together and an output sig-
nal with a first level is produced at the junction of the
first and second transistors. When the delayed clock

signal reaches a second level, the switching circuit

connnects the gate of the first transistor to the junction

of the first and second transistors and the bootstrap
‘capacitor boosts. the output signal to a second level.

10 Claims, 5 Drawing Figures
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CLOCK GENERATING CIRCUIT PROVIDING A
BOOSTED CLOCK SIGNAL

BACKGROUND OF THE INVENTION
1. Field of the Invention
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‘The present invention relates to a clock generating |

- circuit, more particularly to a clock generating circuit

which boosts the voltage level of an input clock higher
than the voltage level of a power source, thereby pro-
“ducing a boosted output clock.

2. Descrlptlon of the Prior Art

Usually, in semiconductor circuits driven by power

sources, the signals appearing in the circuits cannot

have voltage levels higher than that of the power

10

5 |
- FIG. § 1s a circuit dlagram of the inverter and delay |
circuits in FIG. 3. | "

DESCRIPTION OF THE PREFERRED
‘EMBODIMENT

Before describing the preferred embodlments, a dis- .

cussion will be made of the prior art clock generatmg_ o

circuit for reference purposes. FIG. 1 is a circuit dia-
gram of the prior art. Since the clock generating circuit
of FIG. 11s well known, only a brief explanation of its

- operation will be given herein. A clock generating cir-

15

- sources. Along with recent improvements in the char-

acteristics of semiconductor circuits, however, a strong
demand has arisen for some signals appearing in the
circuit to have a voltage level higher than that of the

power source. _
For example, in a dynamic memory and the like, it

has been proposed to raise the level of the signal to be

- applied to each word line higher than the power source

- voltage level, thus increasing the amplitude of current .

flowing from the selected memory cell to the corre-

20

sponding bit line and enabling perfect read and write

data operations. |

Generally speaking, thls can be effected by a clock
generating circuit which receives an input clock and
- produces an output clock having a voltage level higher
- than the power source voltage. The present invention
concerns such a clock generating circuit.

30

There are problems, however, with the prior art

clock generating circuit. First, it is not easy to drive the

- circuit with low power. Second, it is drfﬁcult to achieve
high speed operation.

SUMMARY OF THE INVENTION

It is a object of 'the present i_nvention 1o provide a
clock generating circuit with a raised output which
operates at a high Speed with low driving power.

35
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The above object is attained by a basic censtructmn
~ in which a switch circuit is incorporated into a transis-

- tor pair of a first channel type and a second channel

‘type, the pair forming a complementary metal oxide
semiconductor (C-MOS) circuit. The switch circuit can
create a first state and a second state selectively. In the
first state, a_junction point between the first and second

~ channel type transistors and the gate of the first channel

type transistor are connected. In the second state, the
above connection is released and, at the same time, the
gates of these transistors are connected.

BRIEF DESCRIPTION OF THE DRAWINGS
- The present invention will be more apparent from the

| ensumg description with reference to the aceompany—-

Ing drawmgs, wherein:
FIG.1lisa c1rcu1t diagram of a prior art clock gener-
atlng circuit; 5

FIG. 2 1s a circuit diagram of the most important part

of the clock generating circuit according to the present

invention;

FIG. 315 a crrcult diagram of a clock generatmg
circuit according to an embodlment of the present in-
vention; |

FIG. 4 depicts waveforms used for explamlng the

45
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- and second transistor T; and T» of FIG 1 with a

cuit similar to the FIG. 1 is disclosed by U.S. Pat. No.
4,061,933, especially illustrated in FIG. 3 thereof.

~In FIG. 1, particular attention should be paid to first
transistor T and second transistor T3 in the last stage of

- the circuit, which are connected in series between a first

power source V.. and a second power source Vg. An

output clock signal OUT responding to an input clock
'signal IN is produced, with the aid of a bootstrap capac-

itor C, from a junction point M between the first and -
second transistor T and T5. In this figure, the reference .
symbol ¢ denotes a precharging clock signal and DL1 |

~and DI, represent delay circuits.

For a period of time, the first transistor T} is on (the

second transistor T3 is off), and therefore, the bootstrap

capacitor C is charged up to about the V. level. There-
after, the voltage level at the low potential end N3 of
the bootstrap capacnor C is boosted by the input clock -
signal IN which is transferred to the capacitor’s low "
potential end N3 via the delay circuits DL and DL,.

‘Thus, a voltage level higher than the V. level can be
“obtained 1n the output clock signal OUT. T
The above-mentioned clock generating circuit of the o
~prior art and other clock generating circuits of the prior =
art similar thereto are usually comprised of a single
channel type of transistor. That is, as seen from the

circuit of FIG. 1, all the transistors are of a single chan-

- nel type, i.e, all n-channel and none p-channel. When all

transistors are made of the same single channel type,
DC current paths are inevitably formed between the

power sources V¢ and Vg These DC current paths
clearly are disadvantageous in terms of driving with

low power. Further, looking at the first transistor Ty,
since the source is connected to the output of the cir-

cuit, the so-called substrate bias effect in the transistor -~ -
T1 becomes non-negligible with the increase of the volt-
age level at the output due to the charging of the boot-

strap capacitor C, resulting in a gradual increase in the

threshold voltage Vy; of the transistor T;. When the
threshold voltage V;; increases, the mutual conduc-
tance g, of the first transistor T decreases. As a result, -
the current supplying capability of the transistor Tiis

reduced. This leads to a reduction of the Operatlen. -
- speed.

A C-MOS circuit can be driven with low power and

‘prevents a reduction of the current supplying capabil-

ity. It is impossible, however, to simply replace the first

- C-MOS circuit for two reasons.

First, a C-MOS circuit would be'formed by a p-chan- i

‘nel transistor T) and an n-channel transistor T, which
- correspond to the first and second transistor Tjand Ty,

- respectively. In this case, it is not easy to turn off the

65

operation of the clock generating circuit in FIG. 3; and

p-channel transistor when the voltage level of the out-
put clock signal OUT exceeds the level of the first

- power source V.. This is because a gate voltage of a

level higher than the source voltage is needed at the
gate of a p-channel transistor when such a transistor is
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to be turned off. Such a gate voltage is not obtainable in
the circuit and must be supplied from outside the cir-
cuit.

Second, a new circuit must be employed for turning
off both the p-channel and n-channel transistors after
the level of the output clock signal OUT exceeds the
power souice level. Although the use of a C-MOS cir-
cuit is not -advantageous in view of the above-men-
tioned two reasons, there still is an advantage in using a
p-channel transistor for transistor Ti. Since the source
of the p-channel transistor is connected to the first
power source V., no substrate bias effect is induced.
Accordingly, no increase of the threshold voltage Vy,
occurs and there is no gradual reduction of the current
supplying capability.

According to the present invention, the clock gener-
ating circuit is fabricated by utilizing C-MOS circuits
without causing the aforementioned problems. That is,
the p-channel transistor can be turned off without hav-
ing to introduce a gate voltage higher than the power
source level. Also, both the p-channel and n-channel
transistors can be turned off simultaneously without
having to employ a new circuit. Thus, the present in-
vention provides a clock generating circuit which effec-
tively enables driving with low power and prevents
reduction of the current supplying capability.

FIG. 2 1s a circuit diagram illustrating the most im-

- portant part of the clock generating circuit according to
: the present invention. The first power source Vi, the
 second power source Vg, the bootstrap capacitor C, the
output clock signal OUT and the junction point M are
. -substantially the same as those of FIG. 1. However, the
~ first transistor T and the second transistor T of FIG. 2
are modified in to a p-channel first transistor T}, and an
n-channel second transistor T»,, respectively, which are
.. arranged in the form of a C-MOS circuit.
~ The previously mentioned switch circuit is repre-
- sented by reference characters SW. The switch circuit
- SW is provided with contacts a and b. In operation, first

~the contact a is closed. Therefore, a usual C-MOS cir-

cuit 1s formed by the transistors T1p and Ty, Once the
voltage level of the output clock signal OQOUT exceeds
the level of the first power source V.., the contact b is
closed. Thus, the high voltage appearing at the drain
side of the p-channel transistor T, is transferred, via the
contact b, to its gate, thus turning off the transistor Tp.
It should be noted that the p-channel transistor T}, can
be turned off without having to apply to its gate an
external voltage higher than the level of the first power
source V.

The reason why the transistor T1, must be turned off
after the level of the output clock signal OUT rises
above the level of the first power source V,, is that if it
were left on, the level of the output clock signal OUT
would no longer be higher than the level of the first
power source V. This is because, if the transistor Ty,
1s still on, the level of the output clock signal OUT will
be equalized to the level of the first power source V.
through the conductive transistor T, as soon as the
level of the output clock signal OUT reaches the V.,
level.

The above also applies to the second transistor T,
connected to the second power source V. The transis-
tor T2, must also be turned off, i.e., both the first transis-
tor T'1,and the second transistor Ty, must be off. There-
fore, the voltage level of the second power source Vi,
must be applied to the gate of the transistor T»,,.

10

4

Summarizing the above explanations with reference
to FIG. 2, the first and second transistors T p and Ta,
from a C-MOS circuit when contact a is closed, and
driving with low power can be achieved. Second when
the level of the output clock signal OUT rises above the
level of the first power source V., both the first and
second transistors Ty,and T2, can be turned off simulta-
neously. Third, the first transistor T1pcan be turned off,
not by applying an external voltage, but by using the
increased voltage of the output clock signal OUT.

Fourth, since transistor Tip, is a p-channel transistor,
its source is connected to the first power source V.
Accordingly, the aforesaid substrate bias effect is not
induced and the threshold voltage V,;, does not increase.

15 This means that an overdrive between the gate and the

20
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source of the p-channel transistor can easily be per-
formed, and therefore, the current supplying capacity
of the output clock signal OUT can be large. This re-
sults 1n an increase in the operation speed.

In conclusion, the clock generating circuit of the
present invention exhibits at least the above-mentioned
four functions which are not exhibited in the prior art
clock generating circuit.

FIG. 3 is a circuit diagram of a clock generating
circuit according to an embodiment of the present in-
vention. In FIG. 3, a p-channel third transistor T3pand
an n-channel fourth transistor T4, form a specific struc-
ture for realizing the switch circuit SW shown in FIG.
2. The remaining structure is substantially the same as
that explained before.

The operation of the clock generating circuit will be
explained with reference to the waveforms of FIG. 4.
First, the level of the input clock signal IN rises at the
time t1 as shown by a curve IN in FIG. 4(A). The out-
put clock signal IN is inverted by the inverter INV, as
shown by the curve N1 in FIG. 4(B) which represents
the voltage waveform appearing at node N1. At time t;,
the voltage level at node N2 is still maintained at the
level of the power source V. Therefore, the fourth
transistor Tgy, 15 on. Since transistor T4, is conductive,
the voltage at node N1 is transferred to node N4. The
voltage level at node N1 is falling to the level of the
second power source V. Accordingly, the voltage
level at node N4 falls, after time t2, as shown by curve
N4 in FIG. 4(B).

After a delay due to the delay circuit DL, the volt-
age level at node N2 starts following the fall of the
voltage level of node N1 at time t3 as shown by curve
N2 in FIG. 4(B). In accordance with the level changes
mentioned above, the first transistor T1p 1s turned on
and the second transistor T3, is turned off by time t3.
The output clock signal OUT rises as shown by the
curve OUT in FIG. 4(B) after time t1 due to the charg-
Ing of the bootstrap capacitor C.

- The above-mentioned level change between IN and
OUT 1s then established by the usual C-MOS circuit
operation. During the period from time t2 to t3, the
voltage level at the node N4 falls. Between time t3 and
time t5, the voltage level at the node N2 falls. At ap-
proximately time t4, the voltage level at node N2 falis
below the level of the output signal OUT by an amount
equal to the threshold voltage of transistors T3pand T4y,
with the result that the third transistor T3p1s turned on,
while the fourth transistor T4, is turned off. (This corre-
sponds to the state, in FIG. 2, where the contact b in the
switch circuit SW is closed.) After the third transistor
T3pturns on, the output clock signal OUT is transferred
to node N4, represented by the rise of curve N4 after
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- time t4 in FIG. 4(B) From time t5 to time t7, node N4
- and the output clock signal OUT have the same voltage
level. Thus, the voltage level at node N4 is raised past
- the level of the first power source V., and accordingly,
~ the first transistor Tj, is turned off. Consequently, the
~second transistor T,,, which has been off since time t3,
- and the first transistor Ty, are both off.
- Starting at time t4, the level at node N3 rises, wrth a

” -of an odd number of C-MOS inverter stages. In FIG. 5 -

a three-stage C-MOS inverter is illustrated.

As explained above in detail, according to the present .

invention, a clock generating circuit is realized which is

suitable for low power driving and which does not | :

- reduce the current supplying capability.

delay due to the delay circuit DLy’ (this circuit has '

~ functions of both delay and level inversion), repre-
sented by curve N3 in FIG. 4(B). The rise in level at

. node N3 boosts the level at the low potential end of the.

bootstrap capacitor C. As a result, the level of the out-
put clock signal OUT is boosted higher than the level of
the first power source V. (refer to the curve OUT in
~FIG. 4B), which starts rising near the time t1).
- Thereby, the desired output clock signal OUT having a

o voltage level higher than that of the input clock 31gnal

IN, 1s obtained. |

The input clock stgnal IN falls after time t6, while the
level at node N1 rises and is maintained at about the
level of the first power source V.. At this time (slightly
after time t6), the second transistor T3, is turned on and

~discharges the capacitor C. Therefore, the level of the >
‘output clock signal OUT falls toward the level of the “” |

-second power source Vg. Following this, near time t7,
. the level at node N2 rises again with a delay due to the
-, .delay circuit DL;. Then, the fourth transistor Ty, is
‘turned on, while the third transistor T3, is turned off,
‘which corresponds to the state, in FIG. 2, where the

. .contact a 1s closed and usual C-MOS circuit 0peratlon IS

~ achieved.
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After time t7, due to the nonconductive third transis-

_tor T3p and the conductive fourth transistor Tan, the
~ level at node N4 rises as the level at node N2 rises.
However, the voltage level at node N4 is reduced by

35

the amount of the threshold voltage Vy (refer to FIG.
4(B)) of the fourth transistor T4n. Further, the level at

~ node N3 falls due to the presence of the delay/inverter

circuit DL;,". The state created after time t8 in FIG.

an identical operation is repeated thereafter.

- .. 4(B) is equivalent to the state created before time t1 and

In the above explanation, the voltage level at the low

N _'p'otential end N3 of the bootstrap capacitor C is boosted

and the output clock signal OUT is raised to a level

higher than the level of the first power source V.. This

- is also true of the opposite case. That is, when the volt-

45

age level at the low potential end N3 of the bootstrap

capacitor C is pulled down, a output clock signal QUT
having a level lower than zero volts can be obtained. In

50

this case, it is necessary to switch the connections of the
first power source V.. with the second power source

Vs having a zero volts level, and switch the p-channel
transistors and n-channel transistors. Also, the wave-

55

form of the input clock signal IN in FIG. 4(A) would be

transformed to a waveform which first falls from the

level of the first power source V- to the zero volis level |

of the second power source Vg and then rises to the
level of the first power source V. again.

FIG. § 1s a circuit diagram of a specific example of
the inverter INV and the delay circuits DL and DL’
shown in FIG. 4. As seen in FIG. 5, these are basically
a combination of C-MOS inverters. Corresponding
portions are referenced by INV, DL;, and DLy, A
delay capacitor Cgin the circuit DL may be used, if
necessary. Further, since the circuit DL>' has functions
~of not only delay but also level inversion, it is composed

- I claim: |
1. A clock generating c1rcu1t operatwely connected

to first and second voltage sources, having a voltage =
difference therebetween, and receiving an input clock o

signal, said circuit comprising: |
a first transistor of a first channel type, Operatwely- |
- connected to the first voltage source and havmg a
gate;

‘a second transistor of a second channel type, opera-
tively connected in series with said first transistor,
forming a junction point therebetween, and to the
second voltage source, and having a gate; o

a first delay circuit, operatively connected to receive '

- the mput clock signal, for producing a delayed
“clock signal by delaymg the mput clock signal by a
predetermined time delay;
- a bootstrap capacitor, having a first end operatwely |
connected to the junction point between said first -
“and second transistors and to the output of said first -
- delay circuit and having a second end, said boot--
strap capacitor being charged to a level nearly the
same as the level of said first voltage source by
turning on said first transistor and turning off said
‘second transistor, the voltage level of said boot-
- .strap capacitor being changed by the input delayed
clock signal, output by said first delay circuit, dur-
ing the charging of said bootstrap capacitor,
thereby producing at the second end of said boot-
~strap capacitor an output clock signal having first

and second voltage levels with a difference there-
-between which is larger than the voltage difference =

between the first and second voltage sources; and

. aswitch circuit, operatively connected to the input of
- said first delay circuit, the gates of said first and -

second transistors and the junction point, for con-
necting the gate of said first transistor with the

junction point only for a period of time during

which the voltage level of said bootstrap capacitor

is changed by the delayed clock signal, and other-

- wise connecting the gate of said first transistor w1th- |

~ the gate of said second transistor. | .
2. A clock generating circuit as set forth in claim 1,

wherein said switch circuit comprises: -

a third transistor of the first channel type, operatively
connected to the gate of said first transistor, the -

junction point and the output of said first delay -

circuit; and
a fourth transistor of the second channel type, opera-

circuit. | |
3. A clock generatmg mrcult as set forth in olalm 2,

- further comprising:

- 60

65

an inverter having an output 0perat1vely eonnected

- to the gate of said second transistor, said fourth

- transistor, the input of said first delay circuitandan
“input operatively connected to receive the input
clock signal; and

a second delay circuit, having an input operatlvely |

connected to the output of said first delay circuit

and an output operatively connected to said boot-
‘strap capacitor, for delaying and inverting.

tively connected to the gates of said first and sec- =
ond transistors and the input of said first delay- .
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4. A clock generating circuit as set forth in claim 3,

wherein said inverter, said first delay circuit and said
second delay circuit are C-MOS inverters, each
comprising at least one pair of transistors, one of
the transistors of each pair of the first channel type °

and the other transistor of the second channel type,
and

wherein said second delay circuit comprises an odd
number of C-MOS inverter stages, which provide
the level inverting function.

5. A clock generating circuit as set forth in claim 4,
wherein said first delay circuit further comprises a delay
capacitor.

6. A clock generating circuit, operatively connected 15
to first and second voltage sources having levels with a
difference therebetween, receiving an input clock sig-
nal, said circuit comprising:

a first transistor of a first conductivity type opera-

tively connected to the first voltage source; 20

a second transistor of a second conductivity type,
operatively connected to the second voltage
source and said first transistor, forming a junction
point between said first and second transistors;

delay mearis, having an input operatively connected
to receive the input clock signal and having an
output, for delaying the input clock signal;

a bootstrap capacitor operatively connected to the
output of said delay means and the junction point
between said first and second transistors; and

switching means, operatively connected to the input

of said delay means, the junction point and said first
and second transistors, for turning said first and

second transistors on and off, and producing at one 35

end of said bootstrap capacitor an output clock

signal having third and fourth voltage levels with a

difference therebetween which is larger than the

difference between the levels of the first and sec-

ond voltage sources. 40

7. A clock generating circuit as set forth in claim 6,

wherein said delay means has a partially delayed
output, and

wherein said switching means comprises:

a third transistor of the first conductivity type, 4
operatively connected to said first transistor, the
junction point and the partially delayed output
of said delay means; and

a fourth transistor of the second conductivity type,
operatively connected to said first and second
transistors and the input of said delay means.

8. A clock generating circuit as set forth in claim 7,

wherein said delaying means comprises:

an inverter having an output operatively connected 55
to said second transistor and having an input opera-
tively connected to receive the input clock signal:;
a first delay circuit having an input operatively con-
nected to the output of said inverter and said fourth

60
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8

transistor and an output operatively connected to
said third transistor; and
a second delay circuit, having an input operatively
connected to the output of said first delay circuit
and having an output operatively connected to said
bootstrap capacitor, for delaying and inverting.
9. A clock generating circuit as set forth in claim 8,
wherein said first conductivity type is a P-channel
field effect type, said second conductivity type is a
N-channel field effect type and the level of the first
voltage source is higher than the level of the sec-
ond voltage source,
wherein said first delay circuit generates a first de-
layed clock signal and said second delay circuit
generates a second delayed clock signal, and
wherein said first and second delay circuits provide
delays such that: |
when the input clock signal rises, said first transis-
tor 1s turned on and said second transistor is
turned off, thereby charging up said bootstrap
capacitor;
when said bootstrap capacitor is charged almost to
the level of the first voltage source, the first
delayed clock signal falls, turning on said third
transistor and turning off said fourth transistor,
thereby turning off said first transistor while said
second transistor remains off:
when said first transistor substantially turns off, the
second delayed clock signal rises, boosting the
level of said bootstrap capacitor; and
when the input clock signal thereafter falls, said

second transistor is turned on, thereby discharg-
ing said bootstrap capacitor.
10. A clock generating circuit as set forth in claim 8,

wherein said first conductivity type i1s an N-channel
held effect type, said second conductivity type is a
P-channel field effect type and the level of the first
voltage source 1s lower than the level of the second
voltage source,
wherein said first delay circuit generates a first de-
layed clock signal and said second delay circuit
generates a second delayed clock signal, and
wherein said first and second delay circuits provide
delays such that:
when the input clock signal falls, said first transis-
tor 1s turned on, thereby discharging said boot-
strap capacitor;
when said bootstrap capacitor is substantially dis-
charged, the first delayed clock signal rises, turn-
ing on said third transistor and turning off said
fourth transistor, thereby turning off said first
transistor:;
when said first transistor is substantially turned off,
the second delayed clock signal falls, thereby
discharging said bootstrap capacitor; and
when said mput clock signal rises, said second tran-
sistor is turned on, thereby charging up said

bootstrap capacitor.
x %X *x % X



	Front Page
	Drawings
	Specification
	Claims

